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(57) Summary 

Topics Providing a reliable semiconductor device, and its 
method of manufacture, that makes electrode film thickness 
sufficient and uniform in stack-cell capacitors, satisfies 
required performance and improves the degree of integration. 

Means of Resolutions Semiconductor devices such as dynamic 
RAMs in which multiple stack-cell capacitors CAP are aligned 
in a row with prescribed spacing on p- silicon substrate 1 
with each made up of a nearly vertical tubular lower electrode 
(cylindrical polysilicon layer 96), a dielectric film (silicon 
nitride film 77) and an upper electrode (plate electrode 78 of 
polysilicon) , with the afore-noted spacing in the direction of 
their alignment being smaller than the inner diameter of the 
afore-noted lower electrode. 

Scope of patent Application 

Application Item 1 A semiconductor device in which multiple 
stack-cell capacitors are positioned in a row with prescribed 
spacing on a semiconductor substrate, and each consisting of a 
nearly vertical tube-shaped lower electrode, a dielectric film 
and an upper electrode, and with the afore-noted spacing at 
which they are placed being smaller than the inner diameter of 
the afore-noted lower electrodes. 

Application Item 2 The semiconductor device described in 
Application item 1, in which the inner surface of the lower 
electrode is a nearly vertical surface from its lower end to 
its upper end and its outer surface is nearly vertical from 
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the lower end part way to its top, but from there to the upper 
end its film becomes thinner. 

Application Item 3 The semiconductor device described in 
Application Item 1 or 2, in which the lower electrode is 
connected to the memory cell's diffusion region via a contact 
hole . 

Application Item 4 A method of manufacturing a semiconductor 
device which— when manufacturing the semiconductor device with 
multiple stack-cell capacitors situated in a row with pre- 
scribed spacing on a semiconductor substrate, and with each 
consisting of a nearly vertical tube-shaped lower electrode, a 
dielectric film and an upper electrode, and with the afore- 
noted spacing at which they are placed being smaller than the 
inner diameter of the afore-noted lower electrodes-has 

• A process to form a spacer material on the semiconductor 
substrate in order to set the shape of the afore-noted 
stack-cell capacitors, * 

• A process to form multiple masks on the afore-noted, 
situating them with specified spacing and to make the 
afore-noted spacing at which they are set smaller than 
the masks' diameter and thickness, 

• A process to etch the afore-noted spacers using the 
afore-noted masks, to separate the spacer material into 
multiple spacers by selective removal of the afore-noted 
spacer material and to designate the inner diameter of 
the afore-noted lower electrodes with the material of 
each spacer, 

• A process to apply the afore-noted lower electrodes' 
configuring material layer to the surface of the afore- 
noted spacer material, 

• A process to etch the afore-noted configuring material 
layer, but leave that layer on the side surfaces of the 
afore-noted spacer material, 

• A process to form the afore-noted lower electrode by 
removing the afore-noted spacer material, 

• A process to form the afore-noted dielectric film at 
least on the surface of the afore-noted lower electrode 
and 

• A process to form the afore-noted upper electrode at 
least on the surface of the afore-noted dielectric film. 

* [Bullets added by translator.] 
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Applxcatxon Item 5 The manufacturing method described in 
Application item 4, which makes the spacing for the mask 
matenal 1/2 to l/10 th or less of its thickness. 

Application Item 6 The manufacturing method described in 
Application Item 4 which makes the spaces between the mask 

2tll ia ] \' 2 "V' 10 ° r 1SSS ° f the co ^^d thickness of the 

undJr'S/ ^ ^ kness of the Serial etched immediately 
under the region of the material. 

Application Item 7 The manufacturing method described in one 
of Application Items 4-6, in which one etches the spacer 

S^SS^^t^ ^ ^ ^ 

Application Item 8 The manufacturing method described in one 
of Application- items 4-7, in which the lower electrode is 
connected to the memory cell's diffusion region via a contact 

staci C n!f? n ItSm ! A SemiC ° ndUCt0r device equipped with 
these"tubular P ^ ^ * Semiconduc tor substrate, in which 
these tubular stacked capacitors consist of a lower electrode 

and Sd , baSe ShaPe ln Cr ° SS SSCtion ' a dielectric film 

and an upper electrode. . 

^^o^ i0n ~~ o° - The Semiconduc tor device described in 
Application Item 9, in which multiple stack-cell capacitors on 
a semiconductor substrate are located in a row with prescribed 
spacing, each consisting of a lower electrode w a 
tltr.t T SeCti ° n ' a diel ectric film and upper 

it/ paving their spacing on the axis in^hich they 
electrode Sm ^ ° Uter diameter of their lower 

Application Item 11 The semiconductor device described in 
of the ** lica ? ion \ tem 9 - 10, in which the outer surfaces 
wni£ t-i ° Wer . electrodes *™ nearly flat from bottom to top, 
Tvltit SUrfaces are ^ly flat from the bottom to 

po?nt S1 up°to P S ZV° ^ bSCOme thinner f ™ 

Application Item 12 The semiconductor device described in anv 
one of Application Items 9-11, in which the lower electrode is 
connected to the memory cell's diffusion region via a con 2c" 
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Application Item 13 In manufacturing a semiconductor device 
wherein stack-cell capacitors are installed on a semiconductor 
substrate and consist of a tubular lower electrode with a 
cross section having an inverted base shape, a dielectric film 
and an upper electrode, a method of fabricating semiconductor 
devices, which has - 

• A process to form spacer material on the afore-noted 
semiconductor substrate so as to designate the afore- 
noted shape of the stack-cell capacitors, 

• A process to make a first mask on the afore-noted spacer 
material , 

• A process to etch the afore-noted spacer material using 
the afore-noted first mask material, to selectively 
remove the afore-noted spacer material immediately under 
the non-masked regions and set the outer diameter of the 
afore-noted lower electrode, . 

• A process to make at least the configuring material 
layer of the afore-noted lower electrode adhere to the 
surface of the afore-noted spacer material, 

• A process to fill in the region from which the afore- 
noted spacer material was removed with a second mask 
material up to a height just below the upper surface of 
this spacer material, 

• A process to etch-back the afore-noted configuring 
material layer exposed at the upper surface of the 
afore-noted spacer material and nearby, 

• A process to remove the afore-noted second mask material 
and leave the afore-noted configuring material layer on 
the side surfaces of the afore-noted spacer material, 

• A process to form the afore-noted dielectric film at 
least on the surface of the afore-noted lower electrode 
and 

• A process to form the afore-noted upper electrode at 
least on the surface of the afore-noted lower electrode. 

Application Item 14 In fabricating the semiconductor device 
on which multiple stack-cell capacitors are aligned with 
specified spacing on a semiconductor substrate and each is 
made up with a tubular lower electrode having the cross 
section of an inverted base, a dielectric film and an upper 
electrode and the afore-noted spacing is smaller than the 
outer diameter of the afore-noted lower electrode, the method 
of fabrication described in Application Item 13, which has - 
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• A process to form spacer material on the afore-noted 
semiconductor substrate so as to provide the afore-noted 
shape of the stack-cell capacitors, 

• A process to form multiple first mask materials on the 

^ec^ 0 ^ SPaCer material S ° aS t0 be ali ^ with 
San tnf H SPaC . in9 ' "f 1119 thS af ° re " n ° ted s P ac -g larger 
mask 1TJ^ B ^ thiCknSSS ° f af ™ted first 

' thfarore noV^ T afore " noted s P-er material using 
the afore-noted mask material, to selectively remove the 
afore-noted spacer material directly under the regions 
/ ^° r ;r 0ted SPaCSS ' indivi dually separating them 

%Lt T ? ° Uter diameter of the afore-noted lower 
electrode with each spacer, 

• A process to apply the configuring material layer of the 
afore-noted lower electrodes adhere at least to the 
surface of the afore-noted spacer material, 

• A process to fill in between the afore-noted multiple 

StV'T 3 With 3 SSCOnd mask mat -ial to a 
height below the top surface of these spacers 

• A process to etch the afore-noted configuring material 

arore noTS ' eXP ° Bed &t th6 Upper Surfa - of the 
afore-noted spacers and near them, 

• A process to remove the afore-noted second mask 
TayeTon^nT th % af — fc ed configuring material 
material surfaces of the afore-noted spacer- 

• so P form% S h!° T" 10 " 6 ^ afore - n °ted spacer material and 
so form the afore-noted lower electrode 

• ?east C on S tne IT ^ afore " noted ^electric film at 
eleltrlV^™^ ° f ^ af -e-noted lower 

" upper C surface f o^, the af0re " noted ^ electrode on the 
upper surface of the afore-noted dielectric film. 

Application item 15 The manufacturing method described in 
AppHcatxon Item 12 or 14, which makes the diameter or the 

ma'rlal TToT^ ^ 0r the of the first mask 

material 1-10 times this first mask material's thickness. 

Application Item 16 The fabricating method described in 
Application Items 13 or 14, in which the diameter of the 

thickn^f this"^ 1 '^ SP ^ ing 15 ^ ^ times the total 
ne o h «h ^ material ^ either the thick- 

ness of the above-noted non-masked region or the thickness of 



7 



the etched material in the region directly below the above- 
noted spaces. 

Application Item 17 The fabrication method described in any- 
one of Application Items 14-16, in which the lower electrode 
is connected to the memory cell's diffusion region via a 
contact hole. 

Application Item 18 In fabricating a semiconductor device in 
which stack-cell capacitors are installed on a semiconductor 
substrate and these stack-cell capacitors are made up of a 
tubular lower electrode, a dielectric film and an upper 
electrode, a method of manufacturing a semiconductor device 
which has - 

• A process to make spacer material for fixing the shape 
of the afore-noted stack-cell capacitors on the afore- 
noted semiconductor substrate, 

• A process to make mask material on the afore-noted 
spacer material, 

• A process to etch the afore-noted spacer material using 
the afore-noted mask material in selectively removing 
the afore-noted spacer material directly under the non- 
masked region and in setting the diameter of the afore- 
noted lower electrode, 

• A process to apply a configuring material layer of the 
afore-noted lower electrode at least to the surface of 
the afore-noted spacer material, 

• A process to etch the afore-noted configuring material 
layer under etching conditions that lower the etching 
selectivity for oxides and that have isotropic etching 
ingredients, and to leave the afore-noted configuring 
material layer on the sides of the afore-noted spacer 
material under conditions that keep valleys from forming 
on the top end of the afore-noted configuring material 
as a result of this etching, 

• A process to remove the afore-noted spacer material to 
form the afore-noted lower electrode, 

• A process to form the afore-noted dielectric film at 
least on the surface of the afore-noted lower electrode 
and 

• A process to form the afore-noted upper electrode at 
least on the upper surface of the afore-noted dielectric 
film. 

Application Item 19 In manufacturing a semiconductor device 
on which stack-cell capacitors are installed on a 



clnilTTfTrT? ^ " hiCh thSSe sca <*- cel l capacitors 
consist of a tubular lower electrode, a dielectric film and 

# A process to make spacer material for fixing the shape 

nftS 6 af ° re - oted stack-cell capacitors on the afore! 
noted semiconductor substrate, 

# A process to make mask material on the afore-noted 
spacer material, a 

# A process to etch the afore-noted spacer material using 
the afore-noted mask material in selectively removing 
the afore-noted spacer material directly under thlnon- 
masked region and in setting the diameter of the afore- 
noted lower electrode, ore 

# ^fZl CeS t t° aPPly a configuring material layer of the 
afore-noted lower electrode at least to the surface of 
the afore-noted spacer material, 

" layer^l^avLr^ af0re " noted configuring material 

layer, leaving the afore-noted configuring material 
layer on the sides of the afore-noted spacer material 

# etcSna 8 ^* 0 iS ° tr ° pic etchin * ^er the afore-noted 
etching on the upper end of the afore-noted configuring 

etching! " " ^ rem ° Ve VaUeyS f °™ ed ^ this 

# faZ°tt SS 1° afore " n °ted spacer material to 
form the afore-noted lower electrode 

# Last C on\h° f ° r ? afore - note <* dielectric film at 
least on the surface of the afore-noted lower electrode 

# lITTn^ f ° rm ^ afore - not ^ upper electrode at 
least on the upper surface of the afore-noted dielectric 

Application item 20 The manufacturing process described in 
Applxcatn.cn Item 18 or 19, which fabricates the semiconductor 
device described in any one of Application Items 1-3 and 

Detailed Explanation of Invention 

0001 Technical Field to Which the Invention belongs This 
invention is one relating to a semiconductor device (in 

ortne CU s^Lrtvoe^ ar , d ^ amiC ^ --si memory 

or tne stacked type] and its method of manufacture. 
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0002 Usual Technology Usually, semiconductor integrated 
circuit devices such as dynamic RAMs having stacked-structure 
elements in the memory area, such as stack-cell capacitors 
made in a round shape to increase capacity, are fabricated 
through processes such as those shown in Figures 28-33. 

0003 As shown in Figure 28, for this memory cell part N + 
semiconductor regions 3 (source region) and 4 (drain region) 
are formed by the self-aligning method with word line WL as a 
mask, installing an element region on P~ silicon substrate 1 
with field silicon oxide film 2 formed by the LOCOS method 
(local oxidation of silicon) . On this are formed polysilicon 
word line WL with silicon nitride sidewall 60 on it, as well 
as insulating film 6 formed by CVD (chemical vapor 
deposition) . 

0004 Contact hole 49 is opened in dielectric film 6 through 
to N + drain region 4, and bit line BL is made on that. 
Insulating layer 61 protects the upper surface of bit line 
BL, and sidewalls 62 are installed on its side surfaces. 
Contact hole 10 is made in insulating layer 6 on source 
region 3 and part of insulating layer 70. Polysilicon layer 
11 is applied by CVD, making up part of the capacitor's lower 
electrode (storage node) so as to connect with this contact 
hole 10 and source region 3 . 

0005 On this polysilicon layer 11 one uses CVD to form oxide 
insulating layer 71 of silicate glass that will be a support 
for a spacer designating the shape of a polysilicon lower 
electrode) when making the tubular stack-cell capacitor to be 
discussed later. And one forms photo-resist mask 72 in a 
prescribed pattern for etching this insulating layer 71 into 
the shape of a spacer. 

0006 Then, as shown in Figure 29, one uses mask 72 to dry- 
etch insulating layer 71, selectively removing silicate glass 
layer 71 from immediately under non-masked region 73. For 
the etchant in this dry etching, one uses a mixture of CF 4 , 
CHF 3 and Ar. However, etching vertically as shown in the 
figure is difficult, while etching on the inverted base shape 
of slope 74 is easier. 

0007 The reason for this is thought to be that when the 
dielectric surface under non-masked region 7 3 is etched a 
laminate 75 from the etchant gas (especially that created by 
CHF 3 ) adheres to the slope and coats the sloped surface before 
it is etched in a vertical direction, so that this condition 



^'fthi^n irtUal in the directi ™ of insulating layer 

This laMnate S ;, CaUSing * maSkin9 SffeCt f ° r etching" 
Tins laminate 75 arises on the sides of insulating laver 71 
remaining in the spacer shape from the dry etching- but for 
simplification it is omitted in the following figure 



cTtfT' ^ * h0 ™. in Fi ^ ure 30, on all surfaces one uses 

e^ct?ode r of P tnr 1C ° n ^ ?6 that WiU *™ the lower 
electrode of the capacitor, and then-as shown in Figure 31 

?hrbroken e nne eS a P d° lySiliCOn ^ 76 f ™ ^ of' 
f br ° ken lin e and goes on also to etch underlvina 

llallnf^ U ' 1SaVing Polyiliccm 1^7 6 on the 

sides of spacer material 71. For this Pt -rh 

i,w™ a etching gas is used perpendicular to the 

substrate on polysilicon layer 76 <s sloped surfaces (i e 
right angles to substrate 1) it will be etched in the 
direction of its thickness, too. 

thick at theT^' P ° lySilicon 76, which should remain 

. x 

l 0 aver tTJ^ ™ terial 71 ' which supports polysilicon 



Ne f' as shown in Figure 33, one does CVD on the whole 
surface to laminate highly dielectric film 77 of silicon 
nitride and the capacitor's upper electrode 78 (plate 

MC eC with e cV?ce\To C ° n »°M finiSh ^^^-ing^y cell 
sepa^ated^tack^ce^ c:p e a r ci C or; ne) ***** 

process" nolvsTl ■ ^ With SUCh a USUal fabricating 

process, polysilicon layer 76 shown in Figure 31 easilv 

becomes thinned after etching because spacer 71' s sides 

become sloped due to the patterning shown in Figured and 

that weakens its capacity as an electrode 
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0013 To avoid this problem then, one may conceive of making 
polysilicon layer 76 thicker, as shown in Figure 34, so as to 
leave adequate thickness on spacer 71' s sloped surfaces with 
the etch-back shown in Figure 35. 

0014 However, that will also make polysilicon 76 thick where 
it adheres between the adjoining spacer materials 71-71, so 
that after an etch-back polysilicon layer 76 will remain 
between spacer materials 71-71 or else underlying polysilicon 
layer 11 somehow will not be etched. As a result, even when 
the capacitors are formed through the processes of Figures 32 
and 33, conductance will occur between adjoining capacitors 
through their lower electrodes 76 and 11, making then unable 
to function. 

0015 In such case, it thus becomes necessary to make the 
distance between spacers 71-71 wide enough keep the adhering 
thickness of polysilicon film 7 6 between them from becoming 
too great. Yet, that increases the spacing between adjoining 
capacitors and does not meet the needs for higher integration 
and density. 

0016 Also, at the time of the above-noted polysilicon layer 
76' s etch-back, we found that valleys easily form in the 
remaining polysilicon layer 76. 

0017 That is, as shown in Figure 36(B), when polysilicon is 
etched-back from the condition shown in the enlargement in 
Figure 36(A), at the inner top edge of polysilicon layer 76 
(the part in contact with spacer material 71) a polymer-like 
laminate 79 from the reaction of the etchant gases with the 
polysilicon has created a valley, while at the top outer edge 
of polysilicon layer 76 a natural oxide film 80 has already 
formed, and these remain as an unetched valley. 

0018 If dielectric film 77 and polysilicon upper electrode 
78 are formed with such a valley remaining as shown in Figure 
36(C), stresses will be added at the valley part, especially 
at dielectric film 77; and pinholes will form in that film or 
localized film thinning will arise (the part indicated by 81 
in the figure) . With such defects present, the dielectric 
film's insulation will fail or its voltage resistance will 
decrease. That means the memory cell's capacitor cannot 
store a charge normally and the memory cell cannot function. 

0019 Matters the Invention Seeks to Resolve The purpose of 
this invention is to provide a semiconductor device of good 
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reliability and its method of manufacture which, in stack- 
cell capacitors, can make electrode film thicknesses that are 
adequate and uniform, improve the degree of integration and 
will definitely operate normally. 

0020 Means to Resolve the Problems That is, this invention 
is one that relates to a semiconductor device made up of a 
semiconductor substrate (e.g., the later described p-type 
silicon substrate 1) , on which multiple stack-cell capacitors 
(e.g., the later described stack-cell capacitors CAP) are 
arrayed in a row with prescribed spacing, a crown-shaped 
lower electrode (e.g., the later described tubular polysili- 
con layer 96), a dielectric film (e.g., the later described 
silicon nitride film 77) and an upper electrode (e.g., the 
later described silicon plate electrode 78) . Also, it is a 
semiconductor device in which the afore-noted spacing along 
their alignment is less than the inner diameter of the afore- 
mentioned lower electrode. This will hereafter be called the 
main invention's first invention. 

0021 With the semiconductor device of this first invention 
spaces between the stack-cell capacitors are smaller than the 
diameter of the lower electrodes, making spaces between 
adjoining capacitors narrow. So, one can improve the 
integration. Also, that makes it difficult for etchants-the 
cause of the laminate formation-to invade the above-noted 
spaces corresponding to the non-masked region of the mask used 
m patterning the spacer material that sets the shape of the 
lower electrode during fabrication, so that one can adequately 
preserve the thickness of the capacitors' lower electrodes 
after the etch-back and so keep its vertical shape. 

0022 To fabricate the semiconductor device of this first 
invention, it is desirable to carry out a manufacturing 
process that has - 

• A process to form on above-noted semiconductor substrate 
the spacer material (such as the later-described 
silicate glass layer 91) for providing the shape of the 
afore-noted stack-cell capacitors, 

• A process to form a row of multiple mask materials on 
the afore-noted spacer material (such as the later- 
described photo resist mask 92) with prescribed spacing, 
in this instance making the afore-noted spacing smaller' 
than the afore-noted mask material's inner diameter or 
thickness , 

• A process that etches the afore-noted spacer material 
using the afore-noted spacer material to selectively 
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remove the afore-noted spacer material from the region 
directly under the regions of the afore-noted spaces to 
separate them individually, and that designates at least 
the inner diameter of the afore-noted lower electrode, 

• A process that coats at least the surface of the afore- 
noted spacer material with a configuring material layer 
of the afore-noted lower electrode, 

• A process that etches the afore-noted configuring 
material layer while leaving it on the sides of the 
afore-noted spacer material, 

• A process that removes the afore-noted spacer material 
to form the afore-noted lower electrode, 

• A process that forms a dielectric film at least on the 
surface of the afore-noted lower electrode and 

• A process that at least forms the afore-noted upper 
electrode on the surface of the afore-noted dielectric 
film. 

This hereafter is called the second invention of this 
invention. 

0023 In the fabrication method of this second invention the 
spacer material's etching-mask spacing is made less than its 
diameter and thickness, making it difficult during the 
etching (patterning) of the spacer material for the etchant 
to seep into the above-noted spaces. That allows vertical 
anisotropic etching to occur sufficiently. Due to that, the 
sides of the spacer material have good perpendicularity. 
That can prevent lateral etching during etch-back of the 
lower capacitor electrode's configuring material layer and 
can sustain its thickness. 

0024 As a result, there is no need to make the lower 
electrode's configuring material layer thick in advance to 
prevent the thinning previously described; and since one can 
make the spacing between capacitors as narrow as possible, 
one can work out the device's high density and improve its 
degree of integration. 

0025 Also, the main invention is one providing semiconductor 
devices on which stack-cell capacitors are installed on 
semiconductor substrates, with these stack-cell capacitors 
made up of tubular lower electrodes with an inverted-base 
shaped cross section, dielectric films and upper electrodes. 
Below this will be called this invention's third invention. 
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J*" ^ semiconductor device of this third invention makes 
use of the fact that the lower electrodes of the stack-cell 
^? C H t0rS ha !\ a cross - sec tional shape of inverted bases and 
that during etching of the previously described spacer 
material a slope is created on the inverted base shape and 
makes use of the spacer material corresponding to the spacing 
between adjoining lower electrodes. At the same time, by 
wh^wi n9 l0WSr electrode on the unmasked region from 

tetrode that" mat8rial ^ t0 * Xmmd ' ° ne getS * low - 
electrode that is an inverted base in cross section. So, by 

narrow l0Wer , elect ~> de this shape, one can make the space 

SETT* 5 11 a *? ollun ** !°wer electrodes, enabling one to 
make the device higher density and more integrated 

0027 To fabricate the semiconductor device of this third 
invention, it is desirable to do a fabrication method that 

• A process to form on above-noted semiconductor substrate 
the spacer material to provide the shape of the afore- 
noted stack-cell capacitors, 

• A process to form a first masking material (such as the 
later-described photo resist mask 102), 

• A process to etch the afore-noted spacer material using 
the afore-noted first mask material to selectively 
remove the afore-noted spacer material from the region 
directly under the non-masked regions and set the outer 
diameter of the afore-noted lower electrode, 

• A process to coat at least the surface of the afore- 
noted spacer material with a configuring material layer 
of the afore-noted lower electrode, 

• ?A°? 8 t0 fill_UP t0 a height below the u PP er surface 
of that spacer material-the region where the afore-noted 
spacer material was removed with a second spacing 
material (such as the later-described photo resist 101) 

• A process to etch the upper surface of the afore- 
mentioned spacer material and the afore-noted 
configuring material layer that is exposed nearby 

• A process to remove the afore-noted second masking 
material, leaving the afore-mentioned configuring 
material layer on the sides of the afore-noted spacer 
material, * 

• A process to remove the afore-noted spacer material to 
torm the afore-noted lower electrodes, 

• A process to form the afore-noted dielectric film at 
least on the surface of the afore-noted lower electrode 
and 
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• A process to form the afore-noted upper electrode at 

least on the surface of the afore-noted dielectric film. 

Hereafter, this will be called the fourth invention of the 
main invention. 

0028 With the fabrication method of this fourth invention, 
the spacer material's sides are sloped by adhesion of a 
laminate after the etching because the spacer material is 
etched via the unmasked region of the above-noted first 
masking material when forming the inverted base shape of the 
lower electrode in the above-noted third invention. RECHECK 
But, the lower electrode's adhering configuring material layer 
here is protected up to the upper surface of the spacer 
material by the second mask material and so is not etched. 
That means that the lower electrode remaining is adequately 
thick and so provides an inverted base shape matching the 
above-noted spacer material's sloped surfaces. That makes it 
possible for one to make the spacing between lower electrodes 
(i.e., the etched part of the above-noted spacer material) 
small and so to make the capacitor high density and highly 
integrated. 

0029 Also, the main invention is one that provides a method 
for manufacturing semiconductor devices, which— in fabricating 
a semiconductor device on which stack-cell capacitors 
installed on a semiconductor substrate and are made of a 
tubular lower electrode, a dielectric film and upper electrode 
—has : 

• A process to form a spacer material on the above-noted 
semiconductor substrate to set the shape pf the above- 
noted stack- type capacitors, 

• A process to form a mask material on the above-noted 
spacer material, 

• A process to etch the above-noted spacer material, using 
the afore-noted mask material, selectively removing the 
afore-noted spacer material directly under the non-masked 
region to establish the diameter of the afore-noted lower 
electrode, 

• A process to apply a configuring material layer for the 
afore-noted lower electrode at least on the upper surface 
of above-noted spacer material, 

• A process to etch the lower electrode's configuring layer 
material under conditions that reduce the selective 
etching ratio for oxide and so has an isotropic etching 
component, and to leave the afore-noted configuring 
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• A process to remove the afore-noted spacer material . n 
form the afore-noted lower electrode mate ^al to 

• A process to form the afore-noted dielectric film at 
llt:l:V h ^° Uter SUrfaCe ° f -ore-noted^^lf 
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least on the afore-noted dielectric film. 
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• A process to apply a configuring material layer of the 
afore-noted lower electrode at least on the outer surface 
of the afore-noted spacer material, a process to etch the 
afore-noted configuring material layer but leave it on 
the sides of the afore-noted spacer material, 

• A process, after the above-noted etching, to do isotropic 
etching to remove valleys formed by the afore-noted 
etching on the upper end of the afore-noted configuring 
material layer, 

• A process to remove the afore-noted spacer material and 
so form the afore-noted lower electrodes, 

• A process to form the afore-noted dielectric film on the 
outer surface of the afore-noted lower electrodes and 

• A process to form the afore-noted upper electrodes on the 
outer surface of the afore-noted dielectric film. 
Hereafter we will call this the sixth invention of the 
main invention. 

0032 With the fabrication method of this sixth invention, as 
contrasted to the above-noted fifth invention, one etches the 
configuring material layer of the lower electrodes to remove 
the valleys on top by isotropic etching; but it can yield the 
same effects in being able to form lower electrodes without 
valleys and sustain the thickness and quality of the 
dielectric film. Also, even though it adds a process to 
remove the valleys, this can be easily done by sending it to 
another treatment chamber with the vacuum intact. 

0033 Format for Doing This Invention In the above-noted 
first invention of the main invention, the inner surface of 
the lower electrodes is nearly perpendicular from its lower 
end to its upper end, while the outer surface is nearly 
perpendicular from its lower end most of the way to its upper 
end, as the film may thin from that point along the way to the 
afore-noted upper end. 

0034 Also, the lower electrode may be connected to the memory 
cell's diffusion region via a contact hole. 

0035 Or, one may make the spacing of the mask material from 
1/2 to l/10 th the total of its thickness plus the thickness of 
the etched material directly under the region of the above- 
noted spacing. 



0 J 3 ,l^ A9ai11, nBy etch the spacin 9 "aterial using an 
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• A process to apply a configuring material layer for the 
afore-noted lower electrode at least on the outer surface 
of the afore-noted spacer material, 

• A process to fill the gaps between the afore-noted 
multiple separated spaces with a 2 nd mask material to a 
height below the upper surface of these spacers, 

• A process to etch-back the afore-noted configuring 
material layer that is exposed atop and near the afore- 
noted spacer material, 

• A process to remove the afore-noted 2 nd mask material, 
leaving the afore-noted configuring material layer on the 
side surfaces of the afore-noted spacer material, 

• A process to remove the afore-noted spacer material and 
form the afore-noted lower electrodes, 

• A process to form the afore-noted dielectric film at 
least on the outer surfaces of the afore-noted lower 
electrodes and 

• A process to form the afore-noted upper electrodes at 
least on the outer surfaces of the afore-noted dielectric 
film. 

0043 Again, it is better to make the diameter of the spacer 
material's unmasked region or the spacing of the 1 st mask 
material equal to, or up to 10 times the thickness of this 1 st 
mask material . 

0044 Or, one may make the diameter of the spacer material's 
unmasked region or spacing of this 1 st mask material equal to, 
or up to ten times the total thickness of this 1 st mask 
material plus the thickness of the etched material immediately 
under the region of the afore-noted spacing. 

0045 Also, it is best to connect the lower electrode to the 
memory cell's diffusion region via a contact hole. 

0046 The above-described fifth and sixth inventions of the 
main invention are best done with the semiconductor device 
fabricating method discussed as modes for doing the above- 
noted first and third inventions. 

0047 Application Examples We will explain examples of 
applying this invention below. 

0048 Figures 1-17 show the first application example of 
applying this invention to a dynamic RAM. 
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0049 To explain the dynamic RAM from this application example 
along with its fabricating processes, first-as shown in Figure 
vT°^ element re 9ion with Si0 2 field film 2 formed 
by the LOCOS method on P - silicon substrate 1 in the memory 
cell area, then forms gate oxide film 5 in this element 
region u ses CVD to form polysilicon word line WL on this with 
sidewall 60 of silicon nitride and Si0 2 dielectric layer 6, and 
then uses the self -aligning mode with this word line WL as a 
mask to form IT semiconductor regions 3 (source region) and 4 
(dram region) . 

0050 In insulating layer 6 one opens contact hole 49 through 
to N dram region 4 and forms the adhering bit line BL. The 

r CB ° f - bit / ine BL iS *> rotected ^ insulating layer 
61 and silicon nitride sidewall 62 is installed on its sides. 

0051 Next, as shown in Figure 2, one uses CVD to apply 
insulating layer 70 of Si0 2 or the like (including a layer of 
phosphor-silicate glass) on the entire surface. Then as 
shown in Figure 3, one forms contact hole 10 in dielectric 
layer 6 on source region 3 and part of 70. 

0052 Now, as shown in Figure 4, one uses CVD to apply 
polysilicon layer 11, for example 1000A thick, which will 
become part of the capacitor lower electrode (the storage 

TottLT^iTio" connects with source region 3 ' includin * 

uses CVD 16 ?; ^ j" Fi9Ure 5 ' ° n ^silicon layer 11 one 

uses CVD to install, for instance 5000A thick, oxide 

insulating layer 91 that will become a support (or a spacer 
for setting the shape of the polysilicon lower electrodes) 
when forming the later-described tubular (crown- shaped) 
polysilicon lower electrode of the tubular stack-cell 
capacitors. This silicate-glass insulating layer 91 is made 
of a non-doped silicate glass with no impurities. (However 
depending on the type of impurity and its concentration one 
may dope it with an impurity.) 

0054 As shown in Figure 6, one next forms in a prescribed 

?n t t Ph0t r resist mask 92 for etching insulating layer 91 
m the shape of spacers-i . e . , multiple separate round " 

^£ e w nS ^ F ° r thiS maSk 92 ' ° ne makes the diameter of each 
mask Wl , the spacing between each mask W 2 and the thickness H, 

IT^T ^ ^ With W2 = °- 2 ^ and H = about 2 -0um. it 

is desirable that one make the aspect ratios 2W 2 W, < 10W anri 
W 2 /H S 1/2 (and also 1/10 S W 2 /H < 1/2) . For instance, it* is 
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best to make W x = 0.6-1.2111, W 2 = 0.2-0. 3m, and for W 2 /H to be 
0.3. 

0055 Next, as shown in Figure 7, one uses mask 92 in dry- 
etching insulating layer 91 to selectively remove silicate 
glass layer 91 from directly below non-masked region 93, which 
corresponds to spacing W 2 . For the etching gas, one uses a 
mixture of CF 4/ CHF 3 and argon, which have selectivity for 
polysilicon and are anisotropic. For example, one would do 
the etching with 8sccm of CF 4/ 12sccm of CHF 3 and ISOsccm of 
argon at a pressure of 200Torr and a power of 4.7 Watts/cm 2 , 
whereby silicate glass layer 91 will be etched perpendicularly 
in the shape that perpendicular surface 95 has. 

0056 That is, because we fixed the size relationships of mask 
92 in Figure 6 as W X >W 2 and W 2 /H<l/2, the width W 2 of non-masked 
region 93 (the opening) in which glass layer 91 is etched is 
smaller than the width W x of the remaining part and non-masked 
region 93' s width W 2 is enough smaller than its height H. So, 
not only is it difficult for the isotropic etching gases and 
their reactive radicals to penetrate narrow non-masked region 
93, but also vertical-axis etching by etchant gases that are 
relatively anisotropic becomes dominant. As a result, as the 
etching progresses, laminates of polymer-like substances do 
not adhere to the sides of glass layer 91, and the etchant 
gases affect glass layer 91 only on a nearly perpendicular 
axis. In Figure 14 the solid arrows show the etching of glass 
layer 91, while the broken-line arrows show the progress on a 
perpendicular axis. 

0057 The above-noted aspect ratio (W 2 /H) in this etching is 
fixed before etching by the ratio of the thickness (height) to 
the spacing of masks 92; but actually as the etching proceeds 
the height H becomes greater, reaching a maximum of the total 
of the thickness of mask 92 and glass layer 91. Here, one can 
do this to W 2 = 0.2/i, H = 2 . O^m and glass layer 91' s thickness 
at about 1.0/xm, so that one may make W 2 /H a minimum of around 
1/16 (when one considers the above-noted total amount) and a 
maximum of 1/2 (before etching) . If this W 2 /H is greater than 
1/2, perpendicular etching qualities of glass layer 91 become 
poor; and when less than 1/16, etching failures readily arise. 
This W 2 /H moreover can yield critical effect results in the 
range of 1/5 ~ 1/2. 

0058 Now, as shown in Figure 8, one removes masks 92 and uses 
CVD to form polysilicon layer 96 which will be the capacitors' 
lower electrodes and then— as shown in Figure 9— uniformly 



polysilicon layer 96 IhTs ^ll^-^ " deposltln 9 

=-srx sES.^ -s^^sf its 

will remain with su?f±cW TF ? t0 ^ Substrate and it 
spacers 9" suff ici ent thickness on the side surfaces of 

pol'ysiliLf tr.Ttl^ 1 , 91 ' Wh±Ch SUPP ° rtS the sid - of 
Figure 10 f^^in^tancf^th^ * . TOt "? tchi ^' - ^hown in 
acid which is selective E ? lu <>f" acid or buffered fluoric 

tubular poiysiiL:ri:: e r i?L t ^dr 9 i icon ' thus forming 

l's N + region 3. electrode 96 connected to substrate 

surL™ Sh °^ ^ FigUrSS 11 and 12 ' wi ^h CVD over all 
surfaces one laminates, resnecHvpiu o ■ -1 • 

which is highly dielectric and Itl ? ?° n nitride film 77 ' 
upper electrode 78 (plate ^tro^ T^ 0 " Capacitor ' s 
MC in a COB structure having" multip e stact^l J' "T 7 Cella 
CAP. Insulating layer 97 is furtW MS 5 11 CaDacitors 
cells, as shown in Figure 13 . ° nt ° theSe memo ^ 

0061 As noted above, the memory cells of hh a 

this application example-as was^hown in theL T a ^T ^ 
processes noted above-haw* cneir fabrication 

96 with inner diameters 2J£ ^P^ors' lower electrodes 
discussed with Figure 6 anf ^ the diameter * for masks 92 
capacitors' lower^c^odes 9 Tthat TT adjoinin 9 
W, As lower electrodes^ have T^Lflt^^^^ 
can narrow the spacing between adioTnTnn tUb .1 lar sha P«s, one 
improve the degree of integration 9 CaPaClt ° rs so as to 

0062 Again, because the etchanh era* n,- 

form can scarcely penetrated ? CaUS6S laminate s to 
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so achieve that perpendicular shape. I.e., as radicals from 
the etchant gases can scarcely penetrate non-masked region 93, 
one can give full play to vertical anisotropic etching. Thus, 
one can get good perpendicularity for the sides of spacer 
material 91, prevent lateral etching when doing the etching of 
polysilicon layer 96 that will be the capacitors' lower 
electrodes and so can sustain their thickness. 

0063 As a result, having prevented film thinning as already 
discussed, one need not pre-thicken the configuring material 
layer of the lower electrodes, and can make spacing between 
capacitors as narrow as possible and so devise the devices' 
higher density and improve their degree of integration. 

0064 From the above-noted etch-back, polysilicon film 96 gets 
vertical surfaces from the bottom of its inner surfaces to 
their top; but its outer surface is vertical from the lower 
end to a point part way up its side, and from there the film 
gradually thins. 

0065 Also, to compensate for the fact that the height of 
polysilicon layer 96 will be reduced by the etch-back, spacer 
material 91 is made higher in advance so that one can keep it 
high enough after the etch-back. By doing the etch-back on 
the perpendicular axis adequately, the polysilicon that would 
tend to remain on the stepped portions of the semiconductor 
substrate is totally removed at the same time, enabling one to 
prevent short-circuiting or the like between elements due to 
leftover polysilicon. 

0066 In Figure 15 we used narrowly spaced (W 2 ) mask 92 and 
widely spaced mask 72 to roughly compare the shapes of glass 
layer 91, which is the spacer material, with layer 71 after 
etching. Whereas the former yields a perpendicular surface 
95, the latter became a sloped surface and the dimensions of 
its spacer material become larger. 

0067 In Figure 16, when one sets the above-noted aspect ratio 
of mask 92 as in this application example (W 2 /H^l/2) and 
improves the anisotropy of the etchant gas at the same time 
(e.g., by reducing the flow of CHF 3 ) , one can reduce widening 
of the spacer material after etching at the spacing width (W 2 ) 
of mask 92 as in (A) and greatly improve the vertical etching 
traits. (B) in the figure shows the case where the above- 
noted etchant gases' anisotropy alone was improved; and 
widening of the spacer material's dimensions was constrained 
more than with the usual method. (C) in the figure shows a 
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case of the usual method (when neither of countermeasures (A) 
or (B) was done) . The etching qualities were improved to some 
extent . 

0068 That is, with the usual fabricating method wherein the 
anisotropy is not improved, there is considerable increase in 
the remaining spacer material's dimensions for the mask 
pattern spacing. This is thought to be because there is a 
high ratio of polymers from the etching gases adhering to the 
sidewalls of the etched oxide film, which increases the films' 
width. However, if one uses an etching process that improves 
anisotropy by cutting, for instance, the ratio at which CHF 3 is 
mixed in, one can suppress the enlargement of films overall 
Also, one can greatly restrain widening of oxide films by 
narrowing the spacing of the mask pattern or by increasing the 
height of the oxide film. 

0069 As shown in the enlarged diagram of Figure 17, the etch- 
back of polysilicon layer 96 creates polymer laminates 79 on 
the inner surface at the top of polysilicon layer 96, as dis- 
cussed already in connection with Figure 36, while natural 
oxide film 80 easily forms on its outer surface. It is 
desirable to remove these by some method, such as etching. 

0070 Figures 18-24 show a second application example of 
applying this invention to a dynamic RAM. 

0071 To explain the dynamic RAM of this application example 
along with its fabrication processes, one first makes a 
contact hole in insulating layers 6 and 7 on source region 3 
in the memory area, just as in the first application example 
illustrated in Figures 1-3, and then-as shown in Figure 18- 
applies silicate glass layer 91 by CVD to the entire surface 
including the contact hole. 

0072 This glass layer 91 will become a support (or a spacer 
for fixing the shape of the polysilicon lower electrode) when 
forming the tubular (crown- shaped) polysilicon lower electrode 
of the stacked-cell capacitors described later. It is made 
e.g., about 5000A thick. This silicate glass-insulating layer 
91 consists of a non-doped silicate glass without impurities. 
(However, one may dope it with an impurity depending on the 
type and concentration.) 

0073 Then one forms, in a prescribed pattern, photo-resist 
masks 102 for etching this insulating layer 91 into the spacer 
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shapes. With these masks 102, one makes the diameter of the 
masks W/, the spacing between each W 2 ' and their thickness H' . 
So then one a least has W/^W/and desirably ratios of 
lXW^W/^lOW/ , W 2 '/H'< 1 (also 2< W 2 '/H' ^8). For instance, it 
is good to make the masks' W x ' =0 . 2-0 . 3vim, W 2 ' =0 . 6-1 . 2|im and H' 
= 0.7-1. Oum, with W 2 '/H' at 1.5, for instance. 

0074 As shown in Figure 19, one then uses masks 102 to etch 
insulating layer 91, selectively removing silicate glass layer 
91 from directly under non-masked region 103, which corres- 
ponds to the outer diameter of the capacitors' lower 
electrodes. For the etchant gas in this dry etching one uses 
a mixture of CF 4 , CHF 3 and argon, which are anisotropic and 
selective for polysilicon. For instance, one does the etching 
with 5sccm of CF 4/ 15sccm of CHF 3 and 200sccm of argon at 
400Torr pressure and power at 4.7W/cm 2 . As the figure shows, 
silicate-glass layer 91 will be etched into shapes with sloped 
surfaces 74. 

0075 I.e., because in Figure 18 we set the size relationships 
at W 1 '«W 2 ' and W 2 '/H'^l, the width W 2 ' of non-masked region 103 
(the opening) where glass layer 91 is etched is much larger 
than the diameter W x ' of the part remaining. So, the isotropic 
etchant gases easily get into wide non-masked region 103 and 
their reactive radicals easily penetrate, while etching also 
occurs on a perpendicular axis due to anisotropic etchant 
gases. The result is that polymer laminates adhere to the 
sides of glass layer 91 as the etching progresses and the 
etchant gases can scarcely affect glass layer 91 on the 
perpendicular axis. 

0076 So, because here mask 102 is given a pattern the reverse 
of that discussed in Figure 7's first application example, by 
making mask 102 's opening wide, the sides of spacer material 
91 do not become perpendicular, just as in the usual case, but 
are sloped, making it basically different in that spacer 91 's 
etched part is— as noted below-made the region for the 
capacitor's lower electrode. 

0077 As in Figure 20, mask 102 is removed and polysilicon 
layer 106 is applied by CVD to the entire surface including 
contact hole 10. 

0078 Now, as shown in Figure 21, one fills photo resist 101 
into depression 10 between adjoining spacer materials 91—91 to 
which polysilicon layer 106 has been applied to a depth below 
the upper surface of spacer material 102 . 
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0079 Then, as shown in Figure 22, one uses photo resist 101 
as a mask to etch-back polysilicon layer 106 where it is 
exposed in the non-masked regions. For this etch-back, one 
uses chlorine gas for its superior anisotropy and lowered 
selective ratio with oxides, doing anisotropic etching of 
polysilicon layer 106 with, for instance, 40sccm of chlorine 
at SmTorr pressure and 180mA power. In this case, polysiUcon 
layer 106 is easily thinned by the etch-back; but since it is 
protected by resist 101 on the sides of spacer material 91 
back " efficiently preserved after the etch- 

0080 As shown in Figure 23, one now removes resist 101 and 
uses wet etching, such as with fluoric acid (or buffered 

spacers tTtLl" With ^^n, to remove 

spacers 91 that support polysilicon 106 on its sides and so 
form tubular polysilicon lower electrode 106, which is 
connected to substrate l's N + -type region 3. 

0081 Next, as shown in Figure 24, one respectively laminates 
over the entire surface by CVD highly dielectric silicon 
nitride film 77 and polysilicon upper electrode 78 (plate 
electrode) to fabricate memory cell MC with multiple stack- 
cell capacitors separated from each other. 

a D n?H^- n ° ted ^ dYnamiC ^ mem ° r ^ cells from this 

vlltltt 10n , exa ^ le have ' ™ indicated in its manufacturing 
matchedVo^T ^ iameters for capacitor lower electrodes 106 
matched to the diameter W 2 ' of the non-masked regions for masks 
102 discussed under Figure 18, and spaces between adjoining 
capacitor lower electrodes 106-106 that match spacing w" So 

"verted h "" SleCtr ° deS 106 havi ^ the crown^hape of "an 
inverted base, one can make the spaces between adjoining 
capacitors narrow and improve integration. 

?n?;L A1SO 'v, eV ^ if StChant 9 ases - fc he cause of laminate 
formation-should penetrate and etch spacer material 91 at a 
slant in the above-noted diameter w 2 ' that matches the non- 
91 tLlt gi °\ 93 °5 92 USed in P att -ning spacer material 

dukna f^^ I?™ dS 5 ineS thS ShapS ° f lower electrodes 106 
during fabrication, during polysilicon layer 106 's etch-back 
one can use resist 101 to keep polysilicon layer 106 on the 

i^ e thick^s Cer materlal 91 bSing 6tChed - d ~ ^ect 



0084 This results in preventing film thinning, as already 
discussed, and eliminates the need for pre-thickening the 
configuring material layer of the lower electrode and enables 
one to narrow the spacing between capacitors to the extent 
possible. That enables one to work out high density of the 
device and improve its degree of integration. 

0085 Polysilicon layer 106 has flat side . surf aces from top to 
bottom, but its inner surface is flat from the bottom to a 
point part way up, and from there the film gradually thins. 

0086 Figure 25 shows the third example of applying this 
invention to a dynamic RAM. 

0087 In the process of fabricating a dynamic RAM with this 
application example the process that differs from the above- 
described examples is that of preventing the creation of 
valleys that tend to occur at the top of the polysilicon layer 
during etch-back of the polysilicon that will be the above- 
discussed capacitors' lower electrode. 

0088 That is, as shown in Figure 25(A), after using CVD to 
apply polysilicon layer 96 onto spacer material 91, if one 
proceeds with the etch-back of polysilicon layer 96, the 
above-described polymer- like laminate 79 and natural oxide 80 
will easily form at its top. The polysilicon valleys caused 
by these sometimes have a height of about 800A. 

0089 So, as a condition for the polysilicon layer 96 's etch- 
back, one does the etch-back using et chant gases having only 
slight amounts of etchant components that are isotropic and so 
reduce the selectivity toward oxide film; and that can prevent 
the creation of valley shapes. 

0090 Concretely, one uses chlorine for the etchant gas 
without using oxygen because that lowers selectivity toward 
oxide film. With a mixture of chlorine and oxygen the 
relative etching rate is about 50:1 for polysilicon: oxide, 
while with chlorine alone the rate is about 20:1, enabling one 
adequately to do perpendicular etching of the polysilicon and 
also to etch oxides. Again, it is good to admix SF 6 as an 
isotropic component. Consequently, in this application 
example, one instance of etchant gases used for the etch-back 
is a mixture of 40sccm of chlorine and 4sccm of silicon 
fluoride, etching at a pressure of 5mTorr and power of 200mA. 
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d^Lctric'i^Tont " ith Fi9UrSS 11 and 12 ' ^en app ly i„ g 
and Srove Mortage "stance ad £ Mlon and ^ ali ^ 

avoid valley for^ti™ ^^^^0 eLTSk^ddT ^ 
process to remove valleys is needed and^ne' can make 
capacrtors that meet the 3 oals with . 
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illustrated £ ^l-^eV^rr " ^ 
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0098 Also, because this after-processing is incompatible with 
etching oxide layers and polysilicon layers or with the 
process of depositing polysilicon, these processes are added 
on in their own processing chambers; and one should install a 
chamber for this after-processing to round (remove) the valley 
projections. The reason is because that allows one to do the 
processing continuously without changing the processing steps 
or breaking the vacuum. Figure 27 shows a sketch of the 
layout that enables one to use chamber 115 for that after- 
processing sequentially with the chamber for the processing of 
the prior stages. 

0099 It is desirable also to apply the steps of this 
application example to the above-described first or second 
application examples, and it may also be applied to other 
manufacturing processes. 

0100 The foregoing has explained this invention's application 
examples; however the above-described application examples can 
be further altered based on the technical concepts of the main 
invention. 

0101 For instance, the sequences and combinations of the 
above-described processes, as well as the kinds of etchant 
gases can be variously altered; or one can change the 
substances used or the patterns. In particular, instead of 
using polysilicon with its large crystals as the material for 
the capacitors' lower electrodes, one may use amorphous 
silicon. In some cases amorphous silicon would be 
advantageous for making perpendicular shapes. Or, that shape 
may be round concentric tubes. 

0102 Again, with the above-described second application 
example, there is no particular requirement for selectivity 
and anisotropy for the etchant gases for the dielectric or 
polysilicon layers. In the above-described second and third 
application examples the capacitors need not necessarily be 
aligned in multiples. 

0103 In each of the above application examples we described 
memory cells of a COB structure; but this invention of course 
can be applied to memory cells of CUB structure (cell under 
bitline) . In addition, the conductive types of the above- 
described semiconductor regions can be switched. And, this 
invention can also be applied to other semiconductor memories 
and other devices. 



I, .» 

30 



S?t , Effe ° tS ° f Ad ° pting This invention As discussed above 
this invention is one in which multiple stack-cell capacitors 

strand f'h PreSCribed «* a semiconductor IT-* 

lower lw T insists of a nearly perpendicular tubular 
lower electrode, a dielectric film and an upper electrode 

smailer e than r t e r° ted 0n their axis ° f alig^enf being 

Sctrodes ™ ^T^ diameter of afore-noted lower 

tors fnd !; narr ° W the Space bet ween capaci- 

tors and so improve integration. Also, since it is difficulh 
for etchant gases-a cause of laminate formation-to penetrate 
the above-noted spaces corresponding to regions not masked bv 

the 6 Zpe'of t^ o^T^ ^ ^ which Sines 

cne shape of the of the lower electrodes during fabrication 

TcntnTonltl ena ? leS 1 ° ne to do Perpendicular'anisocr^Pic ' 
?he capac.toS^ 6 a \ aXiS ' ^ Can make the thickness of 
t^^r^ —t to sustain 

0105 Again, because the stack-cell capacitors are installed 
shaLr miC ° ndUCt0r SUbst -te and consist of a lower electrode 
shaped in cross section like an inverted base, a dielectric 

instaned^rth 61 "^ 0 ^ low ~ 

installed on the non-masked region corresponding to the 

material a'nTthe^ ^ eleC ™ that'adjoin the spacer 
one^ge^ S^^J'J^- ^ 

nap ^aci^^ -*o 

^ti s : n ble devices of high - densit - ssr which 

this' case^bi^ l0 T, elSCtrodeS of an -verted base shape in 
ahl n^', the SPaC6r ma terial is etched via the 

sirsurf^ces of\r Skin9 material ' s non-masked region the 
side surfaces of the spacer material have become slor^A „ft-~ 
etching due to the adhesion of laminates. But here the 

pro e^eTrSe'l- 1 ^ WUed f °* the ^ tetrodes is 
protected by the 2 masking material up to the spacer 

materials upper surface position and so is not etched So 

the remaining lower electrode is sufficiently thick that one 

can provide the inverted base shape matching the above-noted 

ei: c ce rod; s te r ial ' s ,\ lanted surface - T >™ f - S o 

electrodes (i.e., the etched part of the above-noted spacer 
material), spaces can be made small between adjoining Wr 
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electrodes, enabling the capacitors to become high density and 
highly integrated. 

0107 Also, at the time of the lower electrodes' configuring 
material layer's etch-back, etching is done under conditions 
of lowered etching selectivity ratios for oxides and isotropic 
etching components. So, etching is done so as not to create 
the natural oxides or polymer- like laminates that tend to 
arise on the outer and inner surfaces of the configuring 
material layer of the lower electrodes. So, one can eliminate 
the occurrence of valleys. Consequently, one can form good 
quality and adequately thick dielectric films on the lower 
electrodes, avoid insulating failures and improve voltage 
resistance, raising the reliability. 

0108 Furthermore, after etch-back of the lower electrodes' 
configuring material, one removes valleys on top of it by 
isotropic etching and so can form lower electrodes without 
valleys while preserving the thickness and quality of the 
dielectric films. Moreover, even if one adds a process that 
removes the valleys, this can easily be done by transfer to a 
separate processing chamber while sustaining the vacuum. 

Simple Explanation of Figures 

Figure 1 is an enlarged cross-sectional diagram of one 
processing stage of the dynamic RAM fabrication method from 
the first application example of this invention. 

Figures 2-14 each are enlarged cross-sectional diagrams of 
other processing stages of the same fabrication method. 

Figure 15 is a sketched cross-sectional diagram illustrating a 
comparison of one processing stage of the same fabricating 
process . 

Figure 16 is a diagram showing a comparison of dimensions 
after etching in one processing stage of the same fabricating 
process. 

Figure 17 is a cross-sectional diagram showing a greater 
enlargement of the main parts in one processing stage of the 
same fabricating process. 

Figure 18 is an enlarged cross-sectional diagram of one 
processing stage of this invention's second application 
example for a dynamic RAM's fabricating process. 
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Figures 19-24 each are enlarged cross-sectional diagrams of 
other processing stages of the same fabricating process. 

Figure 25 is enlarged cross-sectional diagrams of the main 

TrZ e tt ing ^ St T S f° r thS fabrication Process of a dynamic RAM 
from the third application example of this invention. 

Figure 26 is a sketched cross-sectional diagram of a device 
used in fabricating a dynamic RAM with the fourth application 
example of this invention. 

Figure 27 is a sketched layout of another device used in 
fabricating the same dynamic RAM. 

Figure 28 is an enlarged cross-sectional diagram of one 
processing stage in the usual method of dynamic RAM 
manufacture. 

Figures 29-32 are enlarged cross-sectional diagrams of other 
processing stages in the same manufacturing method. 

Figures 33-36 are enlarged cross-sectional diagrams of the 
processing stages in the same manufacturing method. 

Explanation of Keying Symbols 

1 Silicon substrate 

2 Si0 2 film 

3 N + source region 

4 N + drain region 

5 Gate oxide film 

6,7,61,70,97 . Insulating layers 

10 Contact hole 

11,76,96,106 . Polysilicon layer (lower electrode) 

60 Silicon nitride sidewall 

62 Sidewall 

n \ Oxide or silicate-glass spacer 

72 Photo-resist mask 

74 Sloped surface 

77 ..... Dielectric film 

11 Polysilicon layer (upper electrode) 

79 Polymer-like laminate 

80 Oxide 

11 silicate glass layer (insulating layer) 

yz, 1U2 . . . Mask 

93,103 .... Non-masked region 
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95 Perpendicular surface 

101 Resist 

Wi Diameter 

W 2 Spacing 

H Height or thickness 

WL Word line 

BL Bit line 

CAP Stack-cell capacitor 

MC Memory cell 



[Figure 15] 

[left top] Narrow space width 
[right top] Wide space width 

[Figure 16] 

[vertical axis] Dimensional swelling 
[lateral axis] Spacing width 

A: Measures to improve anisotropy + aspect ratio enlargement 
B: Measures to improve anisotropy 
C: Usual method 

[Figure 27] 

[Clockwise from lower left] 
Chamber for oxide film etching 
Chamber for polysilicon etch-back 
Chamber 115 for after-processing 

Chamber for polysilicon or amorphous silicon deposition 

[Translator's note: text items following the figures, already incorporated 
in the page 1 header, list the additional inventors.] 
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